Int J Clin Exp Med 2017;10(8):11464-11471
www.ijcem.com /ISSN:1940-5901/IJCEM0055927

Original Article
Long term toxicity of chelerythrine on
NF-kB expression in rat pulmonary tissues

Xinmin Liu?, Chenchen Liu?, Nan Guan?, Jianming Liu®

1Department of Health Toxicology, Xiangya School of Public Health of Central South University, Changsha, China;
2Xiangya Nursing School of Central South University, Changsha, China; °The Third Xiangya Hospital of Central
South University, Changsha, China

Received April 21, 2017; Accepted June 23, 2017; Epub August 15, 2017; Published August 30, 2017

Abstract: Chelerythrine is one cytotoxic anti-tumor drug whose toxic effect is poorly understood. This study observed
long-term toxicity of chelerythrine on tissue morphology and expression level of nuclear factor kappa B (NF-kB) in
rat pulmonary tissues, to investigate related mechanism causing rat lung damage. Wistar rats were assigned into
control, high (8.4 mg/kg), moderate (5.6 mg/kg) and low (3.7 mg/kg) dosage of chelerythrine groups (N=30 each).
Three cycles of drug applications, each containing 6 days delivery and 8 days interval, were applied, followed by
4-week observation. General condition of rats was observed. Lung tissues were extracted, and were observed for
tissue morphology by HE staining. Interleukin-6 (IL-6), IL-8 and tumor necrosis factor (TNF)-a levels were measured
by ELISA. RT-gPCR and Western blot were used to quantify mRNA and protein levels of NF-kB and cell adhesion
molecule ICAM-1. Accumulative mortality was highest in high dosage group, followed by moderate and low dosage
group. Drug treatment decreased body weight and food intake of rats compared to control group. Body weight de-
crease was more significant with higher dosage. Drug treatment led to pulmonary congestion and bloody ascites.
HE staining showed aggravated lung injury with higher dosage. Drug treatment group showed higher serum IL-6,
IL-8 and TNF-a levels (p<0.05), and higher mRNA/protein expression of NF-kB and ICAM-1 in lung tissues in a dose-
dependent manner (p<0.05). Chelerythrine has a long-term toxicity on lung tissues in a dose-dependent manner.
Under high dosage (>5.6 mg/kg), it can cause aggravate toxic lung damage, possibly via NF-kB activation and pro-
duction of inflammatory cytokines.
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Introduction testis, pulmonary congestion or bloody asci-
tes, and can cause systemic response at >5.6
Chelerythrine is one benzo[c]phenanthridi- mg/kg [7, 8].

nes alkaloid and has cytotoxic effects on

multiple tumor cells including nasopharyngeal
carcinoma cell KB, cervical cancer, gastric car-
cinoma and lung cancer cells [1, 2]. It can exert
anti-tumor effects as to induce tumor cell apop-
tosis and to inhibit cell cycle via apoptosis fac-
tors, production of free oxygen radicals and
inhibition of protein kinase C activity [3, 4]. In
vivo study showed that chelerythrine could
improve liver fibrosis in rats [5, 6]. Acute toxic
assay showed significant toxicity response by
chelerythrine, and can cause death via direct
stimulation on abdominal organs, or acute
respiratory distress. Long term toxic assay
showed no suppression of bone marrow sys-
tem, but can cause pathology injury of male rat

Inflammatory cascade reaction plays a crucial
role in pulmonary tissue damage and patholo-
gy. Pulmonary alveolar epithelial cell, inflamma-
tory cells and fibroblast can produce multiple
cytokines for participating in inflammation and
aggravating inflammatory damage. NF-«kB, p38
mitogen activating protein kinase (MAPK) sig-
nal pathways are major transduction pathways.
NF-kB has multiple regulatory functions, and
can mediate gene transcription levels of vari-
ous inflammatory mediators, cytokines and
chemokines such as IL-8, IL-6 and ICAM, thus
playing crucial role sin cell inflammation and
apoptosis. Previous study showed that NF-kB
was involved in lung tissue injury. Neutrophils
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Table 1. Primer sequence

Primer Size Forward Reverse

NF-kB mRNA 100 bp  5-GAGAGCCCTTGCATCCTTTA-3’ 5-CTTCCCTTTGGTCTTTCTGT-3’
ICAM-1 mRNA 260 bp  5-CGACTGGACGAGAGGGATTG-3’ 5’-TTATGACTGCGGCTGCTACC-3’
B-actin 220 bp  5-TGCTGTCCCTGTATGCCTCT-3’ 5’-TTTGATGTCACGCACGATTT-3’

can adhere to the injury vascular endothelial
cells, and translocate toward pulmonary alveo-
lar cavity or mesenchyme, thus producing
abundant inflammatory mediators such as leu-
kotriene, inflammatory cytokines, and partici-
pating in neutrophils-induced pulmonary dam-
age. ICAM-1 participates in inflammatory res-
ponse and related pathology, and its expres-
sion level can be up-regulated by multiple
inflammatory factors [9, 10]. Currently few
studies have been performed regarding drug
efficiency or toxicology of chelerythrine. To fur-
ther investigate the toxicity and target organs
of chelerythrine, this study observed the effect
of long-term chelerythrine delivery on rat pul-
monary tissue damage and expression levels
of NF-kB and ICAM-1, thus investigating the role
of long-term chelerythrine toxicity in rat lung
tissues and related mechanisms.

Materials and methods
Animals and grouping

Healthy Wistar rats (both males and females,
body weight 120-140 g) were provided by
Laboratory Animal Center, Chinese Medical
Academy (Certificate No., SYXK-2013-0025)
and kept in a SPF grade animal facility with
standard food and water. Rats were randomly
assigned into control, high (8.4 mg/kg), moder-
ate (5.6 mg/kg) and low (3.7 mg/kg) dosage of
chelerythrine groups (N=30 each). Three cycles
of intra-peritoneal drug applications, each con-
taining 6 days of drug delivery and 8 days of
interval, were applied, followed by 4-week
observation. Drug volume was 1 ml/100 g.
Control group received equal volume of saline,
whilst group B, C and D received 8.4 mg/kg,
5.6 mg/kg and 3.7 mg/kg of chelerythrine.

Rats were used for all experiments, and all pro-
cedures were approved by the Animal Ethics
Committee of the third Xiangya Hospital of
Central South University.

Drugs and reagents

Chelerythrine (condensed solution, 10 mg/ml,
250 ml) was provided by Ouhua Pharmaceutical
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and diluted in saline before use. Urethane was
purchased from Sigma (US). Interleukin-6 (IL-
6) and IL-8 test kits were provided by Jian-
cheng Bio (China). Primers for NF-kB and IC-
AM-1 were provided by Invitrogen (US). Anti-
body for NF-kB and ICAM-1 proteins, secon-
dary antibody, reverse transcription kit and
Bioneer amplification kit were purchased from
Zhongshan Jingiao Biotech (China).

Drug dosage

Dosage of chelerythrine was determined ac-
cording to the previous literature and acute
toxicology study, which showed LD, value at
24.5 mg/kg in mouse by intra-peritoneal in-
jection, whilst effective dosage was 2 mg/kg
in mice. We thus assigned 8.4, 5.6 and 3.7 mg/
kg as high, moderate and low dosage, which
equals to 11-fold of that on humans.

Long term toxicity assay

Following generally accepted guideline of cy-
totoxicity study in anti-tumor drugs, rats re-
ceived daily intra-peritoneal injection of drugs
for 3 cycles, each consisted for 6 days drug
delivery followed by 8 days interval. After sus-
pension of drugs, rats were continuously mo-
nitored for 4 weeks to observe general condi-
tion for recording mortality rate.

ELISA

Rat serum levels of IL-6, IL-8 and TNF-a were
measured following the manual instruction of
the corresponding test kit. Absorbent (A) va-
lues at 450 mm were measured on a micro-
plate reader.

HE staining for lung tissue morphology

Rats were sacrificed and dissected to observe
the general morphology of lung tissues, which
were immersed in paraformaldehyde and em-
bedded in paraffin to prepare 5 pm slices. After
hematoxylin-eosin staining, tissues were ob-
served under a light field microscope.

Int J Clin Exp Med 2017;10(8):11464-11471



Lung injury under anti-tumor drugs

H&

e

& = &
Cycle 1 Cycle 2 Cycle 3 2w after 4w after

Figure 1. Accumulative mortality of rats. A: Control
group; B: High dosage of chelerythrine group; C:
Moderate dosage group; D: Low dosage group. *,
P<0.05 compared to group A; #, P<0.05 compared
to group D; &, P<0.05 compared to group C.
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Figure 2. Effects of chelerythrine on rat body weight.
A: Control group; B: High dosage of chelerythrine
group; C: Moderate dosage group; D: Low dosage
group. *, P<0.05 compared to group A; #, P<0.05
compared to group D; &, P<0.05 compared to group
C.
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Figure 3. Effects of chelerythrine on rat food intake.
A: Control group; B: High dosage of chelerythrine
group; C: Moderate dosage group; D: Low dosage
group.
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gRT-PCR for NF-kB and ICAM-1 mRNA expres-
sion in lung tissues

Lung tissues were collected for preparing ho-
mogenate. TransZol Up approach was em-
ployed to quantify total RNA. Using reverse
transcription cDNA as the template, PCR am-
plification was performed under the following
conditions: 95°C pre-denature for 10 min, fol-
lowed by 40 cycles each containing 95°C dena-
ture 10 s, 55°C annealing 30 s and 72°C elon-
gation 45 s. Using beta-actin as the internal
reference, semi-quantitative analysis was per-
formed using Rotor-Gene Q Series Software.
Each sample was tested in triplicates, using
primers as shown in Table 1.

Western blot for NF-kB and ICAM-1 protein
expression

100 mg lung tissues were collected to extract
protein in RIPA lysis buffer. Protein concen-
tration was measured by Bradford method.
Proteins were separated in SDS-PAGE, and
were transferred to PVDF membrane, which
was blocked in defatted milk powder. Primary
monoclonal antibody against NF-kB or ICAM-1
(1:100 dilution) was added for overnight incu-
bation. Following TBST rinsing, secondary anti-
body (1:200 dilution) was added for 1 h incu-
bation. Color was developed and exposed in
dark. Quantity One imaging analysis software
was used to analyze colored bands. Relative
expression level of was presented as protein
band density value against that of B-actin.

Statistical methods

SPSS 19.0 software was used for analysis.
Those data fitted normal distribution were
presented as mean + standard deviation (SD).
One-way analysis of variance (ANOVA) and LSD
test were performed. A statistical significance
was defined when p<0.05.

Results
General condition of rats

After drug treatment, high dosage group imme-
diately showed body twisting and positive signs
of peritoneal irritation lasting for up to 40 min.
After one cycle of drug treatment, ascites were
developed. During drug intervention period, all
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Effects of chelerythrine on serum IL-6
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Figure 4. Effects of chelerythrine on rat serum IL-6 and IL-8. A: Control group; B: High dosage of chelerythrine group;
C: Moderate dosage group; D: Low dosage group. *, P<0.05 compared to group A; #, P<0.05 compared to group D;

&, P<0.05 compared to group C.
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Figure 5. Effects of chelerythrine on rat serum TNF-a.
A: Control group; B: High dosage of chelerythrine
group; C: Moderate dosage group; D: Low dosage
group. *, P<0.05 compared to group A; #, P<0.05
compared to group D; &, P<0.05 compared to group
C.

treatment groups showed significantly lower
body weight or food intake, with more potent
difference with higher dosage (p<0.05). Drug
treatment also caused pulmonary congestion
and blood ascites. Accumulative mortality was
highest in group B (high dosage group), fol-
lowed by group C (moderate dosage) and group
D (low dosage), as shown in Figures 1-3.

Effects of chelerythrine on rat serum IL-6, IL.-8
and TNF-a level

Compared to group A, all treatment groups

(group B, C and D) showed elevated serum lev-
els of IL-6, IL.-8 and TNF-a (p<0.05), whilst IL-6,
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IL-8 and TNF-a levels were elevated with higher
dosage, indicating dose-dependent manner
(Figures 4 and 5).

Effects of chelerythrine on rat pulmonary
morphology

HE staining showed no significant abnorma-
lity in rat lung tissues in control group, whilst
drug treatment group showed aggravated pul-
monary tissue damage with higher dosage, and
no complete recovery after drug retrieval. In-
flammatory infiltration was observed during
drug delivery period in high, moderate or low
dosage groups. High dosage group showed
thickening of pulmonary alveolar wall, whilst
moderate or low dosage showed alleviated
damage (Figure 6).

Effects of chelerythrine on rat pulmonary NF-
kB and ICAM-1 expression

Compared to group A, all drug treatment
groups (group B, C and D) showed enhanced
mRNA and protein expression levels of NF-kB
and ICAM-1 in pulmonary tissues (p<0.05) with
a dose-dependent manner, as shown in Figures
7-9.

Discussion

This study observed the long-term toxicity of
chelerythrine on rat and targeted organs.
Results showed that continuous delivery of
chelerythrine exerted certain damage on lung
tissues, as drug treatment groups showed pul-
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Figure 6. Effects of chelery-
thrine on rat pulmonary mor-
phology. A: Control group; B:
High dosage of chelerythrine
group; C: Moderate dosage
group; D: Low dosage group.
1, drug delivery period; 2, re-
8 covery period.
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Figure 7. Effects of chelerythrine on rat pulmonary NF-kB and ICAM-1 mRNA
expression. A: Control group; B: High dosage of chelerythrine group; C: Mod-
erate dosage group; D: Low dosage group. *, P<0.05 compared to group A;

macrophage and neutrophil.
[I-6 can stimulate the produc-
tion of IL-8, which can bind
with cell surface G-protein
coupled receptor (GPCR) for

#, P<0.05 compared to group D; &, P<0.05 compared to group C.

monary congestion and blood ascites. The con-
dition of pulmonary damage was aggravated
with higher dosage, and cannot completely
recovered after drug retrieval. These results
suggested long-term toxicity of chelerythrine
on pulmonary tissues in a dose-dependent
manner. With >5.6 mg/kg dosage, it can cause
pulmonary damage related with drug toxicity,
which was aggravated with higher dosage.

Inflammatory damage plays a critical role in
both acute and chronic lung injury. IL-6 mainly
derives from mononuclear macrophage, endo-
thelial cells, vascular smooth muscle cells, T/G
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cellular signal transduction,

inducing leukocyte adhesion,
activation and facilitating binding of leukocyte
onto extracellular matrix (ECM) proteins to
release protein hydrolysis enzyme and perox-
ide, thus causing pulmonary tissue damage
[14, 15]. This study showed elevated serum lev-
els of IL-6 and IL-8 in chelerythrine treated rats
in a dose-dependent manner, indicating that
chelerythrine had a long-term toxicity for up-
regulating rat serum IL-6 and IL-8 levels to facili-
tate inflammatory injury.

Multiple cellular signal pathways can regulate
production and release of inflammatory media-
tors including IL-6 and IL-8. NF-kB is one crucial

Int J Clin Exp Med 2017:10(8):11464-11471



Lung injury under anti-tumor drugs

A B C D
NF-kB ™——— I " S——

ICAM-1 s T " S

Figure 8. Effects of chelerythrine on rat pulmonary
NF-kB and ICAM-1 protein expression. A: Control
group; B: High dosage of chelerythrine group; C:
Moderate dosage group; D: Low dosage group. *,
P<0.05 compared to group A; #, P<0.05 compared
to group D; &, P<0.05 compared to group C.
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Figure 9. Effects of chelerythrine on rat pulmonary
NF-kB and ICAM-1 expression. A: Control group; B:
High dosage of chelerythrine group; C: Moderate
dosage group; D: Low dosage group. *, P<0.05 com-
pared to group A; #, P<0.05 compared to group D; &,
P<0.05 compared to group C.

pathway, and is involved in acute pulmonary
injury [16, 17]. Both in vivo and in vitro assays
showed the participation of NF-kB in pathologi-
cal process of pulmonary tissue injury [18, 19].
Usually cytoplasm has no activity of NF-kB,
which exists in the form of binding with inhibi-
tory protein IkB. After NF-kB activation, IkBx
expression was facilitated, for a further feed-
back regulation on NF-kB expression [20, 21].
IL-1 and LPS signals cause IkB degradation, for
the release and further activation of NF-kB,
which enters into the nucleus to specifically
bind with kB binding sequence, to facilitate
transcription of inflammatory mediator and
cytokine, and production of pro-inflammatory
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factor and inflammatory mediator, thus leading
to inflammatory response. The critical step in
early phase of acute inflammatory injury is
probably correlated with degradation of IkB
after phosphorylation, and translocation of
NF-kB from the complex [18, 22]. NF-kB binding
sequence is abundantly expressed in upstream
promoter and enhancer of adhesion molecule
ICAM-1 and inflammatory mediator IL-8 genes,
and its up-regulation can activate expression
level of related genes [19, 21]. ICAM-1 is the
ligand of integrin LFA-1, and can facilitate adhe-
sion function between endothelial cells and
leukocytes. This study showed that continuous
delivery of chelerythrine enhanced mRNA ex-
pression of NF-kB and ICAM-1 in rat pulmonary
tissues in a dose-dependent manner, indicat-
ing that chelerythrine can enhance NF-kB
MRNA expression and facilitate adhesion func-
tion between leukocyte and endothelial cells
or inflammatory response via potentiating ex-
pression of inflammatory factors. Results of
this study also showed up-regulation of NF-kB
and ICAM-1 protein expression in chelerythrine
treated pulmonary tissues in a dose depen-
dent manner for facilitating lung tissue injury.
Long-term delivery of chelerythrine may exert
certain toxicity on lung tissues, probably relat-
ed with NF-kB signal pathway, as it can induce
inflammatory damage via facilitating expres-
sion of inflammatory factors. This study, how-
ever, only considered the effect of long-term
toxicity of chelerythrine on rat lung tissue mor-
phology and NF-kB signal pathway, but leaving
detailed mechanisms and potential effects on
other signal pathways unattended.

Long-term toxicity of chelerythrine can produ-
ce dosage-dependent effects on pulmonary
tissues. With >5.6 mg/kg dosage, it can cause
pulmonary damage on rats, with aggravated
injury in higher dosage, probably related with
NF-kB activation and production of inflamma-
tory cytokine production.
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